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Hes-electronic devices. 



2. Description of the 



trelated art 



Electronic switching devices are well known in the art- 



Several 



alternative principles are usually trtfees utilized for the purpose of producing 
electronic switching. One method is MOSFET. It oonsisi eonsisis of a ^-jj^type 
semiconductor with two n— type regions, one ef-on either end^Qft-. On the top surface 
above the P^-^type region* is a thin layer of oxide insulator- on the surface of this 
insulator there is a polysilicon gate. 
-B y applying 

When a positive voltage is ap plied t o the central electrode,, the positive charge on the 
gate electrode (p/_region) repels the holes aton the top surface of the p-type layer. 
Thermally created conducting electrons in the p-type layer will be attracted by the 
positive charge. This meansr- that electrons can flow freely from one side to the other 
and the device is on. If the voltage is removed,, there is no current and the device is 
off. 

Another method is that of t he bipolar traiisistor^^A bipolar can fee- have an n-p-n or a 
p-n-p structure. It is critical that the middle layer (base) be thin for high current gain. 
Bipolar transistors have restricted current flow. A bipolar transistor can be operated in 
^ge*eB *various regimes that are dotorm o n tdetermined by the biases of the two 
junctions^ the most important of these regimes is the active (normal) mode-where, in 

yhieh. the emitter— base junction is forward and the collector r base junction is 

reversed. In the saturation mode a the collector current Ic is a weak function of lb or le. 
If the cut-off mode set by lb -or Ie^€^ak -is equal t o zero, the transistor is off and le is 
close to zero. Bipolar transistors are more suitable for high-speed circuits because of 
their high transconductance. Another advantage of the bipolar transistor is that the 
threshold for turn- z off is less sensitive to process variation. Mesfet- The advantage 
involved in MO ^FETltransiatprs, on th e other han d, is their less difficult fabrication 
process. " 

The present invention ^--concerns a switching devices based on a change in 
e^^de^ncal charge distribution^teH€4e ^^_which is referred tn as wave function 
size change. The nefeffie^^tenn "wave function: is J^^ed^wa^^Um^emdefincd 
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energy consumption. - An other problem is that -electron ctirrent euvrents have speed] 
limits that set limits to switching time. 



SUMMARY OF THE INVENTION 

It is an An object of the present invention is to provide a switching method e£- with 
low energy consumption, fast switching time and reduced heat emission for switching 
in computing, electronics, optoelectronics or any kind of circuit. 

-Fe*in one embodiment of the invention, the switching state is dependent on the 
particle wave function size in space. 
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gla another embodiment of the invention^ the method of changing the particle 
wavewave function size is by means of energy recei ved or transmitted by the particle. 

Fefln other embodiments of the invention^ the switching method ia-by-of changing the 
particle wave function size is_by means of a change in kinetic energy, photonic 
energy, and potential energy .^for example, coulomb potential energy, or phonon 
energy, 

-PQS embodiment of the invention includes a method for detection of the 
-switching state, comprising^ two boundaries mon two sides of the switching 
particle. Where m ln that embodi ment, the i rrespe ctive switching sraiei , state__is 
detected by the corresponding values of the potential between the two boundaries. * 

For on eOne embodiment of the invention inc i ude incl udes a silicon layer with 
phosphorus dopants^-A*^j*j^undoped silicon layer, a silicon oxide insulator layer on 
two sides of the doped silicon layer, an A I umin i-H^ -alumin am - based metallic contact 
on the insulator layer* an additional silicon oxide insulator layer and A44*m+n«man 
aluminum current conductor on said additional silicon oxide insulator layer. 

For -efifi One embodiment of the invention ittektd ehicJudes a method for detection of 
the switched s witching state wherein the two respective switching states is detected by 
photon detection. 

For ono One embodiment of the invention fflektdr eincludes a switching device wherein 
the swkehed switcbing state depends on the dy nam ic change of the particle wave 
function dynami c-size eh«iH*ge-in space, 
For ofte 

One embodiment of the invention inciude includes a switching device comprising: (a) 
two conductive planes; (b) an electron which can be switched between two state 
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wkerestates whereby, in one state, the particle fm»v emoves to a region between the 
two |^ktt^Dlarie^_and-4fee. in the_second state, the particle 4€H*o*4ftgmoves outside the 
region between the two planes, wherein the movement is a_translation "movement of 
the atl^entire particle^ (c) the twere $pective state a*eis detected by the difference in 
the charge potential between the two planes. 

Further embodiments of the invention include -rmiconductor or other matoriaL 
structures and methods of varying scope involving semienn ductors or other materials 



^^l^yv^s, devices, modules and systems making use of such semiconductor 
<w other matonate-str uctures and methods. The term ^particle" can refer to a group of 
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more than one particle^ for example , an atom or amolecule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with reference to the 
accompanying drawings, wherein: 

ftjpT Fig. la is a schematic representation of a switching device based on particle wave 
function, size change . Wherei n , wherein the particle wave function is in its initial size. 

FlG. f ig. lb is a schematic representation of a switching device based on particle 
wave function size change, in which t he particle increaoe has increased its energy and 
its wave function size. 

FtO rFig. 2a is a schematic representation of a switching device; the device is switched 
to the second state by means of a gain in. kinetic energy gain from other particles. 

WGr Fig. 2 b is a schematic representation of a switching device; the device is switched 
backto the first state by transferring kinetic energy to other particles. 

F.IG. Fig. 3a is a schematic representation of a switching device^ wherein the switching 
is based on photon absorption. 

ffQ rpjg, 3b is a schematic representation of the device and particle stale 
after k- ab s o rb ed ab sorb ing the photons. 

RGvFig^a is a schematic representation of a switching devicev^ wherein the 
switching to a larger particle wave function state is based on energy gain from 
phonons. 

Fi a , 4b is a schematic representation of a switching device, wherein the switchmg to a) 
smaller particle wave function state is based on particle energy transferred to phonons. 

PK3-Fi<* 5 is a schematic representation of a switching device based on particle wave 
functioTsize change, wherein the switching is based on potential energy interaction. 

EiGrFig. 6a is a schematic representation of a switching device,, wherein the particle 
wave function is not large enough to .fill the detection zone. 
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FlG. Fig. 6b is a schematic representation of a switching device?, wherein the particle 
wave function fittfiUs the detection zone. 

FlG. Fig. 7 is a schematic representation of a switching device^ wherein the detection 
of the switching state is based on photons detection. 

FtGr Fig, 8a is a schematic representation of a switching deviceh-Whef^fft . wherein the 
particle wave function size is static and the current is zero, 

FtQrFi^ 8b is a schematic representation of a switching device, wherein the 
continuous dynamic change in the p article wave function size eh ong e wh ereift-tfee 
continues dynami g-eha^^-pffi^^ mgproduces a charge current. 

FtGr Fig. 9a is a schematic representation of a switching device in accordance with 
another embodiment of the inventio n. Wherein , wherein the particle is outside the 
detection zone. 

fftG rFig. 9b is a schematic representation of the switching device, wherein the particle 
is inside the detection zone. 

FIG, Fig. 10 is a schematic representation of a switching device in accordance with 
another embodiment, wherein the particle wave function influences the current. 

£tQ rFig. 1 la is a schematic representation of a switching device 

,_wherein the particle is in a_smaller range in the cavity due to repulsive potential. 

j4Q rFio. 1 lb is a schematic representation of a switching device 
^wherein the particle is in ajarger range in the cavity. 

-jPuEfe Fig, 12a is a schematic representation of a switching device in accordance with 
another embodiment, wherein the particle wave function 
is in a^smaller range. 

j4Q rFig. 12b is a schematic representation of the switching device, wherein the 
particle wave function is in ajarger range. 

pj^Qr Fig. 1 3 is a schematic representation of a switching device 

Wherein particles , wh erein Jhe particle wave function inside a region of a layer 
influenced influences the current inside a wire connected parallel to said region. 
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-W^Fi g. 14 is a schematic representation of a switching device,, wherein the particle 
wave function expansion inside ajSrst layer j*^-eaee infiuences, by me ans of an 
eteeftae electrical potential the current inside a second layer. 

PtG rFig. 15 is a schematic representation of a switching device* wherein -ihe particle 
wave function expansion inside ajftrsl layer ra#i*e**ee dmf:luences, by ektewe meang oi 
an electri cal potential, the current inside a second layer, and the expansion or 
contraction of said wave function* determined by an electrical potential field 
tfrftoeReed ^jnfluences the wave function from external charged areas. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first preferred embodiment is a switching device based on changes of the particles 
wave functions ■ p article wave function size inside a container^ as illustrated in fife-Fig. 
1. ~ ■ — - - 

The device includes a container 1 £for example a a quantum well —) arid a particle wave 
function 2 or an expanded wave function 3. 

The notation term " container-i s referred in f * constitutes a g eneral reference to any 
kind of zone? which contained contains most of the particle wave function. The 
fH^^kH ^ierm "p article" can refer to several kind of particle particles, for example*-: 
electron, proton, neutron, atom, molecule or photon?: the notat i on - term "p article " may 
refer to one or more than one particle. Figwe. 1 pt a esei^ pr e s ent s a two-- dimensional 
wave function, the absektte-square of the absolute value of the wave function is the 
probability distribution of finding the particle?; the filled area fttotFated- illustrates an 
area where i*4s -the particles are most likely to find the particles be found; outside the 
filled area* there is ajow probability to found of find ing the particles. The upper curve 
of the wave function ^represents the ke-fder boundary of the area of high probability of 
finding a particle^ it is determined by internal characteristics of the particle wave 
function mathematically described by a_wave packet-and - it- d et-e rmined 3 as well as by 
the wave function interaction with other partksle-p articies in the container. Changes in 
the particle wave function size derived from changes in the particle energy in one 
case^increasing the particle energy increases-_the particle wave function sb:e in the 
container Particle The energy g ained energy by the particle could be kinetic energy, 
potential energy or both. Decreasing the particle energy to its initial value res ults in 
Feverttfterestores ^ particle wave function size to its initial size. The term ;>ave 
function size referre d' ' refers to volume j 



7 



Wd*T:60 9002 91 'das 



ZPPZX>LLZtJE> : 'ON 3N0Hd 



'■ ■'] '. --->ZKl4>»UHd NOliVHfKI «CrKMZZ/6:Cll83 « 00C8GZZ:iBHa • 9HZ-dHXd»)ld8n:ilA8 « [»"U V|B||tea luagnal Hid ZS:SC:| 9D0ZI9M IV dASH • IZTZ aSVdjv 



distribution on | 
distribution: on devices that are degenerated to tw o or one e^4w^dimensions--tw s e 
dege nerated ^ the size can be denoted as pto^e- planar surface area or length. Particle in 
fi ^The particle in Fig. 1 ha*e -has an energy denoted by El: this particle wave 
function eeeta^red- occupies a certain space in the container, which |_s jndicatedr as the 
first swk-efaed -switcMng state. If the particle has energy E2 A where E2 >El^ this 
causcd causes the particle wave function inside the container 1 to expand, indicating 
the second switched switching; state. 



The operation of the device is heuristically suggested by feFius. 1,2. In fi-gFig. 2. the 
device is switched from its initial state, characterized by wave function size 5, to a 
second state* characterized by a larger wave function size 6 inside the 
container. The operation o £-de vioe is heuristically suggested by Fig .2, fig. ._2a 
o o nuisto d o fehows a container 4, of -where the initial wave function size wave-£metkm 
5r - has changed to an expanded particle wave function size 6 due to a <iain in k inetic 
energy receipt froir e*teraa4-~ interaction as— with external particles 7*— Fig.__2b 
sho wshows kinetic energy transfer from the particle in container 4 to an external 
particle 8* which interacted with the particle in the container^^-ea^se*!--, c ausing the 
reduction of the particle wave function to its initial size 5 and switching the device 
state is~swh oh e d back to the first state-k The fgfegre 4re.ferenced change in the particle 
distribution is- does n ot b vinvolve classical transnational t rans [at ional movement; it is a 
quantum mechanics phenomenon that aHow-allows the particle to have the p robability 
of occupying areas where — which it could not oocupio d occupy by classical 
^ay^^atien-a4 translationa1 movement en-in a given time and with a give n .particle 
energy. The switching time between two states can varied vary between mum to l emto 
geeeg dnanosec-onds and femtoseconds, the energy required to swttehed- s witch the 
wave function of a single electron could be small as_^iow as ten 
miili e l e ctronvolt m iUieiectronvolts at room temperature. A simitar device structure 
doporibed in figrtk Wh ere m. wherein the switching between the two states is achieved 
by photon absorption or transmission by the switched particle , is illustrated in Fig. 3. 
The operation of the device is heuristically suggested as particle 9, with an initial 
energy E absorbed , which absorbs a photon JO transmitted to the particle 9 by an 
external source. In fi gFig. 3b A the energy of p article 9 energy is increase is incr eased 
to enefg va level of E+p* where p denoted denotes the energy due to the photon 
absorptio n, which caused ; this increase in turn causes an increase in the particle wave 
function size 11. Chang e The change in the particle wave function size *eppesent 
represents a change in the device switched switc hing^ state. A reverse switching 
between the two states Switching back to the original stale can be achieved by photon 
emission by the particle wave function 11 or by an interaction with an additional 
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particle or phonon which reduced the switched particle to its initial energy, size and 
state 9, 



In Fig. 4^ the switching between the two states is achieved by phonon or phonoim 
phonon energy exchange with the switched particle. Fig. 4a shewshows an increase in 
the switching particle wave function size 12 due to energy gain from an interaction 
with a phonon 13 that transferred energy to the switched particle. The 
expanded particle wave function is regarded as the second switched switching state oi 
the device. Fig: 4b shew shows the device reverted to its initial state by-an-enefgy 
transmitted as t he result of energy transmission from the particle wave function 12 to 
an interacting phonon or phonons 14 t hai caus ed, causing the particle wave function to 
docroase reyert to its initial size and the device to switch back to the initial state. 

A similar device structure is illustrated in FtGr Fig. 5-*he -. The switching device 
includes two charged areas 15,_l 5a m-on two sides of the switching particle 16. 

_The operation of the d evice is heuristically suggested by a particle wave function 16 
indioate d indicating a device switch ed s witch i ng stater -; dis charged areas 15,_15a are 
used for detection of the device statesr-4ef-. For a charged particle like- such as an 



electron, the particle probability distribution is also the charge probability distribution. 
A change in the charge probability distribution ehaage- changes the electric field and 
eteetfi eelectrical potential on the detection element which. : this is detected as a 
change in the switch e d s witching state. In this embodiment^ the potential value 
between the two charged areas 15,_15a is different when the particle wave function 16 
in the container has-is smaller or bigger larger in, size, which ideate d the tw 
switched s tcitos of d ev4<se-respectively indi ca te s the two s wi tching states of t hc_deyice 



In figure Fift. 6 A the device has two regions determined by their material composition 
k n. In region 17. the device is made of silicon with dopants 1 itee-^h esph o F ssastuas 
phosphorus, or made-of an insulator like Al.ou fe3 Q s ub.3 . suc h as Al ? (X Region 18 is 
made of silicon. The potential detector is made of two charged areas 19,^20 on two 
sides of region 18. 

The operation of the device is heuristically suggested by Fig. 6: -The device can be 
switched between two states- _ The first state is when the particle wave function is only 
in region 17^ ; the second state is when the particle wave function has expanded to 
region 18 as well^4he-. The p article wave function is expanded by a kinetic energy 
- gain in t he particie-aftd; it is returned to it's initial value when the particle 
*t^ro^~ta-its initial value when the pa rti cle kinet ic energy returns to 



9 



0Td Wd<!_T:60 9002 9T '^S 



ZX?PZt?LLZl.G : "ON 3N0Hd 



BEST AVAILABLE COPY 



its initial value . 

The two a wkched -s witching states are detected by the potential difference between the 
two zones 19, 20, located on o pposit e s — opposite* sides of region 18. as the 
el-eetei eexpansion of the electrical charge exp anded —to region 18 wtn*kl— oha-nge~4he 
e^eetriechanges the electrical potential between e4emen telements 19, 20. 

Device ffl^Sgr The device in Fig. 7 is similar to the device in figure Fig. 6^ but with 
eptie- optical detection based on photon scattering 21 or photon absorption 22 or 
photon transmission 23 of the particle wave function 24. The detector 25 can be in 
different places near the container^ depending i fon whether the detection is derived] 
from scattering, absorption or transmission. 



The operation of the device is heuristically suggested by Fig. 7^The device can be 
switched between two states . The first state is when the paiticle wave function is only 
in the lower region border by lino d bounded by the dashed line— ;_the second state is 
when the particle wave function is expanded by kinetic energy gained in the particle^ 
it is returned to 4£sits initial value when the particle kinetic energy retura e d -reiurns to 
its initial value. The two switched switching states are detected by optical means that 
oe-Er-esp onda to p article in accordance with the particle occupancy distribution-when. 
When the wave function is in the expanded state, there is a_higher probability foi-ot 
particle occupancy in the optical detection region 21 or 23-*fee; this could be indicated 
in grat e r as greater absorption or scattering of photon phot ons, thereby mdi^ated-a 
referred switched state indicating one referenced switching, stated while the second 
switched switching state could be indicated by lower absorption, Jes_s_scattering or 
higher transmission derived from a contracted particle wave function 

SeeoftdAn additional preferred embodiment is-a- consists o f the switching device 
illustrated in? 

Fig. 8-*he~ . The device include includes a p article wave function 26 T inside a container 
27 A and adetection element 28 

The operation of the device is heuristically suggested by a_kmetic energy gain fey-in 
the electron wave function 26 —in container 27-#iat^atised- 4 _caugjjig expansion of the 



quantum mechanics wave function and elect? i e th e el ec ir teal charge distribution 
expansion, the . The expansion is a a continuous dynamic c ontinu e s process that 
influoncod w hich affects the electrons on conductor 28 and ea**sed causes conventional 
electron conduction in 28-JThe swite hswitching state is determined by the current 
value in 28. The contin ues continuous expansion is 
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^fe Klifferent from b aji ! :u]a ^k»Ha^t;ansiatiQnal movement-fe y. For example, the center 
of mass 

Q & of the particle can move jess- over a smaller distance in expansion mode, compared 
to tronsnationol t he translational movement obtained by averaging the probability 
distribution of the particle mass. 

-*W*d 

A third preferred embodiment jes-a ^consists of the switching device illustrated figvjn 

. The device conuii m nclud.es a particle 32, two electrically influenced planes 29,_30 
And -and a container 31. 

: Fwe -rig. 9 heuristicallv suggests tlie operation of the device , which inc ludes t wo 
conductive planes 29,_30 and a container 31 between them-3+. The conductive planes 
served as a potential detector^ with minimum deflection of the particle, by detecting 
change in the eteetrie etectrical potential between the planes due to the presence of the 
charged particle. A particle 32 can be switched between two statesr4tt .' In one states^ 
the particle 32 me¥e -moves t o a region between the two planes 29,_30 7 ; in the second 
state^, the particle fe^vifigmoyes outside the region between the two planes 29,^30. 
In this embodiment the movement is translatkD n translate d Joto.. movement of the 
particle and not into wave function expansion as in the previous embodiments. The 
two states are detected by the difference in the charge potentia ls- potential values 
between the two planes 29*30. 

Fourth A fourth p referred embodiment if^arc onsists of the switching device illustrated 
inftfrFig. lQg 

^The device include includes a conductive element 33— and an electric field screening 
element 34 with an unscreened region 34a. wherein the particle wave function can 
influenced the charge current of element 33 near element 34a, 

The operation of the device is heuristically suggested by a first state 35- when ^Jn 
which the particle wave function size is not large enough to be in the unscreened 
region ef-34a i and a second state 36- when-, in which the particle wave function is 
large enough to be atm the unscreened region 34a as well, thereby influencing the 
electric current in element 33. The two switching states are determined by the electric 
current value in element 33. Each of the two current values indicates a_different device) 
state. 

An experimental configuration in the super-conducting temperature region related to 
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embed*me- nt 2 and 4 vvas the second and fourth embod ime nts described above has been 
fabricated*- by M.Avinun-Kalish et aL and reviewed by professional referees-Phys 
Rev let 92 (2004). The operation of the experimental configuration is suggested by a 
quantum dot containing electrons as ill the first region in the fourth embodiment 4^ 
yre* tdescribed above. Next to the quantum dot is a region wea-confined by two leads^ 
which serves as the second region in the fourth embodiment 4-a -d escribed above. A 
quantum point contact serves as a detector^ since i£sits conductance is changed by the 
electronic potential in the quantum dot system as the conducting element in the fourth 
embodiment 4r describcd above. The system structure include iiiclude s confinement in 
the two dimensional electron gas 53 nm below the surface, area* electron density 3.3 
* lflsup 11 cm sub — 10 n cm' 2 , mobility e^l .6 *44Mre p -6 c enti meter uup2 \0 (> cm 2 /Vs 
at 4.2 Kclv i ifr ^K, The confinement -is provided by negatively biased metallic gates 
deposited on the surface of GaAs-AlGaAs heteroj unction embedding the 2DEG. By 
measuring the detector conductance at different values of drain voltages on the 
detecto r : V sub d - I.5mv. Vuub d ; _ V t y^ 1,5 mv, V h = L25mv, V^-^V^ = 0.9 mv : 
for two temper at ur e? T s ub kl e quala t emperatures; T L1 = 4 1 mies^a-jJiev and T sub k2 
eqt*ateX]£JS 12 micro ^iev, a correlation between the quantum dot temperature and the 
detector conduction was -expferimentally verified-4ha*. That correlation result r esults 
from kinetic energy gained by the increase in temperature- r aise - that , which expanded 
the electron wave function -from ar-the first region of the quantum dot to the second 
region -in the device as well A thereby influenced influenchm the current in the wire 
detector. The size of the electronic wave function is described in the paper as linearly 
proportional to fere mFenm velocity, which? is proportional to the-temperature and 
related -to electron kinetic energy. 



•Pi& hA fifth preferred embodiment js-a ^onsists of the switching device described in 
6 frlllujs.tra.ted in Fig. 1 1 

c o nsist" e£ — & The device consists of repulsive el e ctric electrical potential contacts 37, 
38 and aj>article wave function 39* 

The operation of the d evice -is heuristically suggested in fig.l 1 Fig. 1 1 by repulsive 
eieem selectrica i potential contacts 37,_38 which create are— ettre^hs— a repulsive 
electrical p otential on a particle wave function 39 between them. The particle size fs 
depends on the repulsive potential valuei the larger is-the repulsive potential value, the 
smalle r become the particle wave function size^-fe s becomes. This method of 
changing the wave function size. is different from -the method described in the 
previous embodiments-aed; it is based on repulsive forces from the two charge planes 
towards the particle container. By reducing the repulsive potential value, the particle 
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wave function size expands, tlius achieving two states denoted by two particle wave 
function sizes. To revert to the initial state, the repulsive potentials are *=<ev^f+fc*J--4o 
jfeey erestored to their initial value and the particle wave function retomed relurns to its 
initial size. Ro f orring to fig. With reference to Fig. lla> the repulsive potentials of 
eJement e lements 37,_38 are directed toward the particle wave function 39 in the 
container, which reduces the wave function size. R e f e rring to fig. With reference to 
Fig, llb a the repulsive potential is reduced due to the repulsive potentials of 
e lement elements 37, 38 and the particle wave function 39 is expanded, corresponding 
to the second state of the device. The detector de^i^i^e ^etemiining the state 
ewk fanay be A for example, any of the detectors described in the previous 
embodiments. 

De*4ee~ The device- in Figure 12 -^atakiect in clud e s two adjacent -regions -40,_41, a 
particle wave function is-denoted by diagonal -stripes and a detector 43. 

The operation of the d evice is heuristicaljy suggested in figFig* 12; thejlrst 
switohed switching state in Fig. 12a is -denoted by a particle wave function in a single 
region 4j in the container-4-h- ; the second 3witchod switching state in ftgt^JEiiL 1 2b 
is denoted by an expanded particle wave function located in y&gieft rcgions 40 and 41. 
The detection method 43 is — may be. for example^ any of the method det ectors 
described in the p revious embodiments . The methods for ehttrreec h an t> in g the particle 
energy -ea nuiay be any of the method method s described in the present patent* 

Fo I l o w in g o m bo d imo nt — describe — m — more — detai l s — the — devices — The fol lowing 

embodiment describes, in greater detail, the construction of the de vice in the present 
invention. 

FigwFe. 13 Rclutc drcfcrs to the first and fourth embodiments^P^tkrle described 
above. The particle wave function can be in one region a or expended can be expanded 
to a second region te^as we ll, as suggested in the first embodiment; the switching 
states are detected bv an electrical conductor, as suggested in first the fourth 
embodiment, t h e switched state are d e tecte d b y an o4eetoe conductor ao Guggoiited -TR 
the fourth embodim e nt -Syr itching A switching device, generally denoted 50^ is 
schematically d e scribed i n fig I llustrated in Fig. 13. Device 50 w^ted ^includes a layer 
52 of silicon with phospho ro us dopants p hosphorus dopant concentration of - U) imp 1 7 
centimeters gup 3 J 0_ )7 cm" 3 , an undoped Si-silicon layer 54, silicon oxide iw^Oaiefs 
insulator layers 56,_58, an_undoped Si silicon layer 58, AkMyfckwffl- a Lai nil > urn- based 
metallic contacts 60, 62, 68, 70, a silicon oxide insulators insulator layer 64, 
AJumiuum and an aluminum conductor 66. Layers 52 have a -cross-- section of 4 
microns teyx 2 microns and a thickness of 200- angstrom thickn e ss units. 
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The operation of the^device is heuristically suggested in Fi& 13. A voltage bias is 
applied to contact 60-e £ which has a negative charge (relative to contact which 
has a positive charge^ without inserting electrons into layer 52. The potential 
difference increas e incrcases the kinetic energy in the n— type electron electrons inside 
layer 52 , then o lo ctrons ; the electron wave function expand expands into silicon layer 
54-; the expanded electric electrical charge distribution in layer 54 is-e-h a - n fted-c h an ges 
the potential difference between metallic contacts 68,_70; said eofttaefcco ntacts are 
connected in parallel to Atomimu n alum in um conductor 66 a thereby ch anging the 
conduction current in. Aluminum aluminum conductor 66 is changed , 

&i*t hA sixth preferred embodiment is a switching device^ generally denoted 80 , which 
is d escr i be d i 1 lustrated in fig rFig, 14 and is. related to the fourth embodiment. 
Exp e ndo d Expanded wave function iniluenc e influences the conduction on a near-by 
conducting channel. Device 80 is consis t consists of -85-a back source layer — 82, a 
layer 84 *s-of doped silicon lay^e-with boron -atoms, &6-4san inversion laver?S84s- 86, 
a_p--type source regio n^ 90 if . _8j^maj^_of^ijjcon with b oron dopants, a p-type drain 
region , lay e rs 88, _90 are-made of -silicon with boron dopants ; 92 is ^a silicon -oxide 
insulator r-94-4 s92, a poiysilicon gate^ 94, silicon oxide insulator layers 96,_98-are 

sittees oxide insulator layers, , and aluminum metallic contacts 1 00,_1 02— are 

. Aluminum motal contacts . 

The operation of the device is heuristically suggested in by-Fig-. 14-k A voltage of 3 
vekvolts is biased through -J-GO-source pesi^ve^e^^ta4 100 to 103° drain negative 
po t e n t i al , 102; electrons do not enter or exit the gate at any time due to the insulating 
layers 96,„98.- A voltage of 0.7 volt initiat ed- volts initiates the polarization process in 
gate 94. The -gate electrons are moving -move in the voltage direction coursing , 
causing expansion of the electron wave function due to the g ain of -kinetic energy, 
which increase -increases t he charge distribution and i n creaii e i ncrea ses the effective 
electric electrical potential in 94 t ha t ■attra c ted-, thus attracting hole conduction from 
the-source 88 towards gate 94 through via inversion layer 86. 

Device 80 could be fabricated by means of the following steps of the method set: forth 
in the second preferred embodiment method : 

(a) An N-n^type silicon wafer 82 is doped with phosphorus atoms ,82 , concentration 
of 10 sup 1 — 5 centim e ters sup — 10 1 j cm" 3 , thickness 0.5 micron microns. 

(b) A layer of silicon dioxide (Si02) 92- 4 typically 1 micron thick, is grown over the 
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wafer surface at temperature of 1 100e4°C, to p protect the surface served which serves 
as as a barrier to dopants during the r emainder of processing. Photoresist is deposited 
onto the surface of the wafer and spun to achieve an 
.even distribution of the required thickness. 

(c) Photor e sist The photoresist layer is exposed to ultraviolet light through ajnask, 
which defines Rog i on s the. regions into which diffusion is to take place. Areas exposed 
to UV radiation are polym e rised . polymerized . The areas required for diffusion are 
shielded by the mask and femawedr rcmain unaffected. 

&h 

—(d) The exppsed areas are etched away together with the underlying silicon dioxide 
to expose the wafer surface in the window defined by the mask. 
(f) Thin 

— fe) A thin layer of S1O2 92, 0. l- mic r on thickn e ss 92 i micron thick, is grown over the 
entire chip surface. Polys Uicon is deposited on top of the g ate oxide to form the g ate 
structure- ■ PQlviiilicon . A poly silicon layer 94-o€-^_0A micron thicknetrs, doping 
polysilicon with a phosphorus atom dopna t dopant concentration of 4-9— sup 16 
centim e tr e sup — 10 deposited by Chemical Vapor Deposition_(CVD) at d 

temperature 
ofl230^C. 
■ -( g ) - Thin 

—(f) The thin oxide layer is removed to expose areas into which J^-type impurities are 
to be diffused to form the source 88 and drain 90 regions. The diffusion is processed 
by gas flow contained P containing p -tvpe impurity Bere nboron dopants to regions 88 
and 90 -r e gions, concentration of 10 sup 17 cent i metre - s up - 10 17 cm' 3 over the s wfoo e 
at high temp e rature. 

(h) Thick AfXiPera 

— (&) A thick oxide (SiC>2) layer is grown over the entire wafer again, 

—masked with photoresist and etched to expose selected areas over the polysilicon 

gate and the source/drain regions 88,^90 i where the contact connections are made., 

M i Thi n 1 !/->•*• 
\l) 1 1 1 M 1 "nxjrvr 

— Lb) _A thin later of Si02-^C 0.1 micron thick, is grown over the entire chip surface. 
Aluminium Alumrmirn* typica lly 1 micron thick, is deposited over the entire wafer 
surface-,- t hiofa ios s typically 1 micron. Motel. The metal layer is masked and etched to 
form the r equired interconnection pattern.-_A passivating oxide (over-glass oxide) is 
deposited to protect the wafer pattern ?; the contact holes are patterned for device pad 
points. Wafer ' ba c k is m e tallised The back of the wafer is metallized for substrate 
connection. 

15 
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Sevontk A seventh preferred embodiment is a switching device, generally denoted 
S O 110, which is illustrated in fig. 1 5th o Pi g. j^ ^The device has a structure similar 
st-rietwe-to the second embodiment^ except that the gate have -has t wo charged contac t 
contacts on either side with the same charge sign. In a-lhg case where both contact 
con tacts h ave negative poTentiaK#K3--e- ontoel cont racted , the contacts co ntract the 
electron wave function inside the gate. In athe case where both c o n t ac t oontacts have 
positive potential* the contacts expanded the electron wave function inside the gate. 

Device 110 eeasiet oonsists of a back source layer 112, aJayer 114 of doped silicon 
layer with phosphorus atoms, a silicon oxide insu lator 1164^tieerh^>H4e4 n s atator^ a 
p-tvpe source region 118 pegkmmade of p type sourcc silicon with Befenboron 
dopants, region 120 aj-type drain depe dregion 120 made of silicon with boron atoms. 
122 is dopants, a polysilicon gate 122 with phosphorus dopants, silicon oxide insulator 
layers 1 24,^126 are silicon oxid e i nsulator layers. - and aluminum metal lic gate 
contacts 128,^130 arc Aluminum m e t - al gate oontuct with having the same charge sign. 



The operation of the device is heuristicaJly suggested in by-Fig. 15f. A voltage of 3 
v-otevolts is biased through 44-$ -source toll 8 to drain 120 drain, ; electrons do not enteii 
or exit the gate at any time due to the insulating layers 124, J 26.- A positive voltage of 
0.6 vek volts on both contacts 128^130 contacts expand eftg^ands the electrons wave 
function inside gate 122, which i ncre ased increases the charge distribution and 
inorcascd increases the effective electric electrical potential in gate 1 22-aftd- attra ote d 3 
thus attracting hole conduction from tfee-source 118 towards the gate, 

: Fh eDevice 1,10 could be fabricated by means of the following steps of the method set 
forth in the second preferred embodiment-4^^4^^-m^4^ 

(a) An N-n-type silicon wafer 112 is doped with phosphors phosphorus - atoms, +45^ 
concentration of 10 sup 15 centimeters st*p —10 i5 cm' 3 , thickness 0.5 microns. 

—(b) A layer of silicon dioxide (Sao aSiOO 116* typically 1 micron thick, is grown 
over surface of the wafer a t te m p erature of HOOoC to protects surfac e, acted as _at 
temperature of 1100°C, to protect the surface which serves as a barrier to dopants 
during the remainder of processing. Photoresist is deposited onto the surface of the 
wafer and spun to achieve an^even distribution of the required thickness. 

—(c) Photor e sis t -The -photoresist layer is exposed to ultraviolet light through ^ mask, 
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which defines the regions into which diffusion is to take place together with the 
transistor channels. Areas exposed to UV radiation are poiymerised polym crize d. 

(d) The exposed areas are etched away together with the underlying silicon dioxide to 
expose the wafer surface in the win d ow defined by the mask. 

dioxide to expose the wafer surface in the wm ^ low d e fined by the ma sk: 
■(f) Thin 

(e) A thin layer of SiO? £ 112, O. lmioron ■■ typjean 112 1 micron (hick, is grown over thq 
entire ctiip surface. Poly silicon is deposited on top of the gate oxide a*i4 formed to 
form the ! g ate structure 122 ^ then . A phosphorus atom do pant concentration of +0 

$t*ps — "C e ntim e tr e — st*p 10 K> cm" 3 — are, is deposited by Chemical Vapour 

deposition Vapor Deposition (C VP) at a tempera ture of 1 230°C. 

(CVD) on temp e rature of 1230 o Cr 

(ft P+ source/drain: further photoresist coating and masking al lo w s enables patterned 
polysiUcon.-^fhin 

(g) The thin oxide layer is removed to expose areas into which Pp-type impurities are 
to be diffused and forw e d to form the source 118 and drain 120 — r regions. The 
diffusion is processed by — gas flow eentained-Pcontaining p-type impurity Boron 
b oron dopants i eto regions 118 and 120— f'egi^vs, concentration of -R ) sup — 17 
c en t i m e t re sup J 0 1 7 cm' 3 over the surface at high temperature. 

(h) Thick A thick oxide (SiC>2) layer is grown over the entire wafer again? 

Masked- . ma sked with photoresist and etched to expose selected areas over the 
polysilicon gate and the source/drain regions 118^120. where the contact connections 
are to bo made A 

(i) Thin layer A thin later of 8102, 0- 1 micron typica h hick, is grown; over the entire 
chip surface. Afaaw a i um of Aluminum, typically 1 micron thick* is deposited over the 
entire wafer surface? Moral . The metal layer is masked and etched to form the 
required interconnection pattern.-, A passivating oxide iover-glass oxide J is deposited 
to protect the wafer pattern; the contact holes are pat ter ned for device pad points. The 
back of the wafer is nietallise dmetallized for substrate connection. 
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MODIFICATION AND ADVANTAGES 



The dimensions and materials of the preferred embodiment switching devices can be 
greatly varied while still preserving the mode of operation. The silicon system could 
be replaced with other systems such as gallium arsenide GaAs, GaN._ etc. The devices 
could be fabricated from thin layers of glasses, insulators, metals, etc. and still provide 
th-e-operation as in the preferred embodiments. Instead of phosphorus and boron gates, 
source and drain dopants could be. for example, n-type: arsenic, antimony or 
p-type: gallium, beewboron: the concentration of the dopants could b e changed also^ 
be changed. Insulation materials and contacts can be greatly varied. 

Holes could be the carrier instead of electrons-ea^d-b^Khe-ea^^w, or even both holes 
and electrons transported in opposite directions simultaneously. Either dimensional 
changes or material changes or combinations could change the particles energy levels. 

Various geometries are available, such as interdigitated base and emitter, source and 
drain, multiple emitters, multiple collectors, multiple bases, multiple gates, multiple 
sources, multiple drains, ^multiple detectors and so forth. 

Different value of current, voltage or temperature values could be embedded in the 
device. 

The invention deals with new switching methods that included e mbedded embeddina 
in different structures, devices and fabrication methods and could be integrated te-a 
striacture into a structure containing more than one device. 

The switching speed and device size could be adjusted so that bv throuah the use of 
various device str i otur e s structures, specifications and materials. 

Any of the switching methods described in this patent could be combined with any of 
the detection methods described in this patent; in . addition, other detection methods 
could be embedded in the device. 

Other triggered switching methods - for ox - arapte > such as ultrasound pulses, could be 
embedded in the device. 



18 



6i:d Wd££:60 900Z 31 '**S 



£X?PZPLLZtJB : "ON 3N0Hd 



BEST AVAILABLE COPY 



The device can be operated in either the enhancement mode or 4e-the depletion mode) 
by adjusting the structure and materials. 

The advantages of the preferred embodiments and modifications include high 
switching speed, small devices, low energy consumption and low heat emission. 
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